A temperate phage, designated Sf6, has been isolated from Shigella flexneri 3a.
Bacteriophages possessing the property of somatic antigen conversion have been recovered from certain serotypes of Shigella flexneri. Matsui (19) has converted S. flexneri type-specific antigens 1 and 2 to type-specific antigen 4 with a temperate phage isolated from S. flexneri 4c. This early observation of antigenic conversion is supported by findings of Iseki and Hamano (12) on the conversion of serotypes la, lb, 2a, 3b, and Y to serotype 4 and by the report of Okado et al. (20) , showing phage conversion of serotypes 2a, 2b, 4a, X, and Y to type factor 1. More recently, Keyti et al. (13) have described a phage that also functions in factor 4 conversion. Two distinct phages, flI and f7,8, have been recovered from S. flexneri 2b by Giammanco (9) and shown to cause expression of type antigen 2 and group determinant 7,8, respectively. S. flexneri X strains, after lysogenization with fII, behaved serologically like S. flexneri 2b, whereas lysogenization of S. flexneri Y strains resulted in antigenic conversion to the S. flexneri 2a sterotype. When Y strains were lvsogenized with f7,8, Giammanco detected a conversion to the S. flexneri X serotype. Additional studies by Giammanco (10) have established that conversion to a type antigen 5 serotype can also be achieved through lysogenization with an appropriate phage.
Our continuing investigations on the genetic control of S. flexneri somatic antigens (4, 7) have recently concerned the genetic determinant of group antigen 6. Our findings have revealed that group factor 6 can be under the genetic control of a temperate phage. This report summarizes some of the properties of this newly isolated phage, its role in converting group factor 3,4 to group factor 6, and the chemical alterations in S. flexneri lipopolysaccharide (LPS) resulting from such antigenic conversion.
MATERIALS AND METHODS
Bacterial strains. The characteristics of S. flexneri and Escherichia coli strains pertinent to this study are described in Table 1 . In addition, certain E. coli hybrids were included; their method of preparation has been described previously (4) .
Media. Brain heart infusion broth, Penassay broth, and Trypticase soy agar were used for routine cultivation of organisms. The cbmposition of minimal medium, used in conjugation experiments, has been described previously (4); amino acids and other (8) . The procedure for kinetic analyses of phage adsorption has been described (6) .
Preparation of antisera. Antisera, used in absorption-agglutination experiments, were prepared by immunizing individual rabbits with heat-inactivated (1 h at 100 C) suspensions of appropriate strains. The details of the immunization procedure and the preparation of sera have been described previously (4) . Monospecific group factor 6 and group factor 3,4 antisera were prepared by the absorption protocols of Edwards and Ewing (3) .
Antigen analysis. The presence of S. flexneri somatic antigens was scored by slide and tube agglutination tests. Complete details of these methods have been already described (3, 4) .
Extraction of LPS. Bacterial cells, grown in brain heart infusion broth under aeration for 36 h at 37 C, were harvested by centrifugation. After a wash, the brain heart infusion cell paste (100 g) was extracted with 500 ml of 45% aqueous phenol at 70 C for 15 min (24) . After cooling to 0 C, followed by centrifuging at 30,000 x g for 15 min, the water phase was removed. The remaining interface layer, phenol phase, and cell debris were re-extracted at 70 C with 250 ml of water, cooled, and centrifuged as before. The combined aqueous phases were next dialyzed against running, deionized water for 6 h and concentrated in vacuo at 40 C to a syrup. Crude LPS was precipitated from the concentrate with four volumes of acetone, washed twice with absolute ethanol and ether, and air dried.
Chemical characterization of LPS. Total carbohydrate determinations were made on unhydrolyzed samples of LPS, using the phenolsulfuric acid method of Dubois et al. (2) . Glucosamine, rhamnose, heptose, and total hexose (i.e., glucose plus galactose) were quantitated by the radiochromatographic method of Koeltzow et al. (14, 15) , using 2% LPS solutions that had been hydrolyzed for 6 h at 100 C in 1 N H2SO4. Prior to radiochromatography, all H2SO4 hydrolysates were treated with HONO, by the method of Shively and Conrad (22) , to hydrolyze resistant glycosidic linkages involving glucosamine. The hydroxylamine method of Hestrin (11) Fig. 1 . Unlike the parent E. coli AB1133, hybrid strain AB1133-H96 efficiently adsorbs phage Sf6. The sensitivity of this hybrid to Sf6 is thus considered to be a direct consequence of its inheritance and expression of the 3,4 group antigen complex.
Effect of type-specific antigen on Sf6 absorption. Included among the serotypes that appear insensitive to lysis by Sf6 were S. flexneri 2a and 4a. Both serotypes express group factor 3,4 but, unlike the Y serotype, also produce an additional type-specific determinant. Since type-specific antigens 2 Sf6 and hence the lytic infection of these hosts. This interpretation is supported by results from comparative adsorption and sensitivity tests on S. flexneri 2a M42-43 and its Y derivatives.
The type-specific 2 antigen gene(s), which maps in the lac-pro segment of the S. flexneri chromosome, can be removed by replacing this region with the E. coli lac-pro segment (5, (23) .
Comparison of rhamnose/O-acetyl ratios, on the other hand, yielded a significant difference between the LPS of strain F3 and its phage-converted derivative, F3 (Sf6). The rhamnose/Oacetyl ratios of 1.0:0.1 for F3 and 1.0:0.7 for F3 (Sf6) indicate elevated levels of O-acetyl groups in the phage-converted strain. In addition the average length of 0 side chains of the phageconverted strain F3 (Sf6) appears to be shorter than that of F3 (Table 3) . As our previous genetic studies have shown, the group 3,4 complex is controlled by chromosomal genes closely linked to the histidine operon of S. flexneri (4) . There was no apparent involvement of a phage in the genetic determination of group factor 3,4. Such a possibility appears unlikely when one considers the chemical complexity of the 3,4 0-repeat unit and the multienzyme systems needed, presumably, for its synthesis. In contrast, it is evident from our present findings that group antigen 6 expression can be under the genetic control of a temperate phage. Our results support the conclusion that lysogenization with phage Sf6 results in appearance of group antigen 6. Immunological tests indicate that the group 6 factor controlled by Sf6 is typical of that produced by a native S. flexneri lb. Furthermore, it is apparent that lysogenization of hosts with Sf6 does not result in a complete conversion to group antigen 6. Such strains, in addition to expressing factor 6, retained reactivity in group 3,4 antisera.
Our On the basis of these observations it appears that phage Sf6 functions by converting preexistent group 3,4 0-repeat units to a group 6 specificity. The significant increase in the level of 0-acetyl groups in the LPS of the group 6-converted strain, F3 (Sf6), suggests that this phage determines a specific acetylase which results in the acetylation of rhamnose residues in the 3,4 0-repeat unit and the subsequent expression of the group 6 antigen. Our interpretation of the behavior of' phage Sf`6 is consistent with that proposed by Giammanco (6) for phage f7,8, which functions in conversion to group antigen complex 7,8. Immunochemical studies comparing Y strains (group 3,4) and X strains (group 7,8) indicated that phage f7,8 functioned by altering the preexistent group determinant (6) . It thus appears that modifications to the 3,4 group complex, achieved by enzymes under the control of appropriate phages such as Sf6 and f7,8, are reflected as a conversion from group antigen 3,4 to group factors 6 and 7,8, respectively.
As evidenced by our adsorption studies ( Fig.  1) , group factor 3,4 functions in the adsorption step of' Sf6 infection. Alterations to the group 3,4 factor appear to affect the efficiency with which Sf6 adsorbs to host. S. flexneri 2a, which expresses type-specific antigen 2 as a consequence of the secondary glucosyl side chains attached to rhamnose of' the 3,4 0-repeat unit primary side chain, adsorbs Sf6 poorly as compared to a Y derivative of it (Fig. 2) . Similar results were recently obtained when we compared E. coli hybrid AB1133-H96 (Y-like) to a group 6-converted derivative of it. The mechanism by which type factor 2 and group factor 6 affect Sf6 adsorption is unknown. Most likely, the active component of the 3,4 group complex which functions in phage adsorption (presumably rhamnose) is modified by glucosylation and acetylation.
At the present time, the precise position of the Sf6 prophage on the chromosome of S. flexneri lysogenic for Sf6 is being determined. In addition to the intrinsic value of' Sf6 for achieving antigen conversion, this phage, on the basis of preliminary studies, may prove useful as a genetic tool for achieving both intergeneric transduction between E. coli and S. flexneri and interspecific transductions within the S. flexneri group.
